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The n.c.-scr 5 i.wusi has ;njvt| **en deposed wft Awe. 

© PcUen-me dieted plant transformation, 

<£ : A me^.sd and apparatus fa Cis^esed ter ma genetic 
ui-.SfCfm*i:sn e: fiian;» anc punt fines by ocCan me&aied 
t ransformation, Foreign genes art irufoeuced int o pofl an~6V 
coating on earner partiecs whica a/t pftyvotfy accaHetate* 
feto punt p 0 U*n. The If ear eO punt pou«n ia (nan fund polluted 
and the progeny arc recsvef rS. a portion ot ~* contain « 
trw genome tn« tor eign gene. The proceOur* may be us*C io 
crest* genoticatfy encwewd maize plant and in**. 
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POUJEN-MEOIATEO PLANT TRANSFORMATION 



Field of tne Invention 

The present invention relates to the general field 
of genetic engineering of plants and relates, in 
particular to the transformation of exogenous 
genetic matenal into me germ fine oi a plant line Oy 
physically introducing me genetic material into 
pollen of the plant. 

Background of the Invention 

There exists much current effort and research 
being expended toward the genetic transformation 
of plant species. it is believed inat the development 
of efficient means tor transforming foreign genes 
into plant germ lines will allow the diversity of the 
genetic stocfc in commercially important crop 
scecies to be wieened anc to anow functional genes 
of specific interest tc ae selectively introduced into 22 
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eras speces. T.-.e ettcrt and research to ca:e en the 
transformation, cr ger\*tic engineering cf pia*: 
species has aerie. e: resets which va.7 c. te 
crama::ca:-y dspe-.c..-..- en the species of pia-.t. 

The principal mechanism which has been us at 25 
heretofore lor the introduction o( exogenous genes 
into plants has begun with the transformation c! 
single plant ceils either as protoplasts or in a 
undifferentiated tissue mass known as a callus. 
Chimeric genes functional in plant ceOs have been 30 
introduced into single ce3 plant protoplasts by 
eiectrcccraticn ar.d microinjection. However, the 
mcs: wice:y usee :rsr.s:arma;:en technique usee :c 
da:e has taken acvar.:age of a natural trait of the 
plant parogen Acrcoactcr.um tume'aciens . wrier, « 
hat the ;n.ra:e ar-:»:y tc transfer a person ;t tr.e Cna 
from a T. (Tu-.cr.>cuc:r.g: piasmid haras.-ec in it 
into an infects: ptani ceil. Sy inserting fcretgn. gere« 
into plasmcs in Acrccactenum wnicn carry csr.a:.-. 
sequences '<:z~ r.e Tt p:as-:c. the cacterial :ra.-s- -C 
tcrrr.a::c-.a :.**.: car zt usee to trans: r: the !:*e :/ 
ge-~.es ir.to me genome cf tr.e r.iectec ?:an; cei'.c 
Acrccacterum »mec;ated plant csu transformation 
has seen leuns tc work reascraoiy we*: in many 
mode! crcc species, sucn as tceaceo. petunia anc *5 
carrot. Cut cces suffer from two significant limita- 
tions. The' firs: limitation is that the meciatic.n C3.n 
only be done on an individual cellular level, typically 
with somatic tissues, which men must be regener- 
ated artificatly into a whole planL This imits the SO 
applicability of Arracasterium -mediated genetic 
transformation to those cop species which can 
readily be regenerated from types of tissues which 
are susceptible to Aprobacterium Mecoon. A sec* 
ond limitation is mat me natural host range of $5 
Aqronacteftum includes only dicotyledonous plants 
and a umued numner of monocot speces of me 
UPaceac family. Therefore Ar yooacteoum -meciatcd 
iransiormation hoc not been proven to be an 
eltectrve tool lor monocot specie* o< commercai $0 
interests, such as me cereal crop species. Another 
difficulty wiin Aqro b-yttcrmffl -mcoiaied transforma- 
tions is tnc generation of somoctonaJ vanants. wnicn 



spontaneously arise in ptant tissues in tissue culture, 
which may comp&catt identiiication of transfer • 
mants. 

tt has been demonstrated that at least some 
chimeric gene constructions are eltectrve for ex- 
pression o( toretgn genes most plant celts. The 
functionality of these chimeric constructions in 
monocot s as wefl as otcots has been demonstrated 
by me transformation of maize protoplasts in culture 
through such techniques as efectroporation. How- 
ever, no currently known methodology exists to 
regenerate whole maize plants, or wnote plants of 
any other important crop species, from such 
protoplasts. No whole, intact transformed maize 
plants, for example, are known to have been 
generated. Nevertheless genetic transformation of 
tines of maize and other crop speces is a desired 
cajectrve because of the great ag.ncuitural value 0! 
tne C3fT.fr.cn crap plan:s anc the potential tc 
improve the!; va:»*e are* productivity. 

Thee has at leas: ore sug;est;ar previous/ 
that ma:;e p'.cr.s car. oe ge-.et:c3:.y trans farmed- oo- 
genetic transformation o( the;r pc.ier.. Fusiisned 
PC7 patent application WO ES/CKS to CeWe: 
purportec'.y describes a method fcr the transfer of 
exogenous genes into dowering plants by transfor- 
ming the pollen ot the plants. Attempts by others to 
venfy this technique and reproduce the experiment 
have faitec. Sanford et at.. Theor. Aoot. Genet. . 63 
(5-5). Pl-r* M.SSSi. A report 0: ore Similar result 
has Oeen mace. C.nn. P*cc Na::. Acs:. Sc;. U$-. 
fc^ns.-ts ;:==£;. 

Summary z f the Invention 

The pre re-.: invention is summa'ijec in that a 
methec of cer.eticafiy transform:-.; a plan.: fine 
csmpnses the steps of: prtparmg a -N- sequence 
inciucj;.; a fct-;n gene ire reg^atory secuence 
rcca::n; the Z-^ seojencs cr.:o t:c*c;:ca'^ '-et / 
•pa^es: pn.r-;::* acse!ent:n; the pa-jc:e: zi - \ 
rying tne Cna at poflen of the s:a.n; to tecge the vi - 
particles 'r. the pollen; pciiinatr.g a female parent (j 
p:an; with the pollen; anc seiectir*; from progeny z' ^ 
the poitinaticn tor transfenned plants. 

The present invertttcn is afso sirec:ed tcwa*C 
maize fines having functional ex p res sec foreign 
genes inserted in (hem. 

The present invention is further directed toward 
the gene'.ic transformation of not onry maize but 
other important crop ptants through pollen transfor- 
mation and without She need tor tissue culture or 
regeneration of plants. 

tl is an advantage of tna present invention in that 
the preeess is retatwely cuidc and efficient, readily 
verifiable, and repecasle. 

II is an advantage el the process of tne present 
Invention and me materials produced therefrom mat 
foreign genetic maienal. cnaracierued or uncharac* 
tenzed. can read*? and raptty be introduced rto 
any deseed gene« bacaground ol maiae lor croo 
breedinrj. moiecutar b*»ogy. or other similar agrcn- 
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ormc or scmntJic pwf* 05 "- m . ^ 

An WW...** acWan.aoc * the process ol *» 
present invention » tMl nuitcrota. i.e. trwu*ands. 
S transient tvcnis *• P 05 *** 5 ■ ml 
because N m per lonwng Hut process * 

contrast to pfor sunutic-ccO iranJouiiaiion tech- 
niques Of iiucro^Mvcwa whicn ai» etoil.out to 
perform or require Mil hy-cett ircaiiiH.nl. 

Omcr ohiccts. advantages and leauees ol me 
present ■ivcnt.o* will become aprurcnl Ironi Ihc 
following spccilicanon when taken in conjunction 
with the accompany**) drawings. 

Brier Ocsrriptmn ot the Drawings 

F»g 1 is etnided perspective vie-.-/ ol an 
apparatus con*tnic:*rt to perform me method 
Ot tne present invention. 

Fig. 2 is a schematic ilustraiion d the 
plasnie*manipulaiioitf in me process ol making 
piasmidpCMCtrca. 

Fl -. 3 is a schematic Hlusiratien of the 
p!3S.r.!f. .T-.2nip jli!:c^s in the process s' making 
tr.epiasm:r.?C>.tC:C22. 



•neth*»l |*wl«if«il l*r apt*cams hem i* »us- 
traieU « seiwrmatir. ta*h*i» I. The mctnoa 

Statraiml I*"* use ol a shncw wnv* created 
by twjri wjlt-0«! utefteai iksctiarrjtt. bi f 1. 
5 gvnofatr *■* Initio a* Mi. e* »» accelerator lor 

accc**nui«M Uic «»cii i«uta*«. mftihod. 

AUO sNw*» m F»0- t »Niu.i;ifly itnln Stud ai '/2. iS 

a target smUiCu 10* cinyny U»« po»cn target 

thereon. 

W Th« acceleialnf 10 lujnsists Ol several P* ft *- A 
spark Ascha/ge ctvu»ncf 12 lm provided extending 
toto Us nieivv a pur ol electrnrtes t4. Tne geometry 
ol the spark <tsrJ^u>Miumiicr 12 is not believed to 
be crinci tn in.: |**ient invention as long as the 
15 chamber it r* iniKiurrt in develop and present a 
slmcx wavy ot proper cnai.v.tef and pr^ptsr direction 
thai it can he usetl to propel me earner particles. The 
applicants hav« tounrt that a section ot 13 millimeter 
interior diameter polyvinyl chloride plastic pipe is 
20 satisfactory lor use as tne spark accnarcje section 
12. The electrodes 14 ar* cxteneing oaoositely into 
the raericr mcunted apcraiim,;te!y 5 millimeters 
be-ow the ten 01 the spark cna"3*' 12. Tne 
electracss u me rr. stives sre fcrm.ee ay tr.-eif.2- 



Detail*: Cescr-pticn c? tre tr.*e-::an 

In the practxe ol paiien-meiintcct p!a:« genetic 
transJcrmauen conduces in acsareance w.th the 
present invention. On A is physically delivered 
the c/tosal of plant pollen, the ONA being carried on 
individual small particles ol biologically inert material 
which are accelerated at me pollen so that tne 
particles enter the incSHcuai po«en celia but neither 
C . <: ._ Y nc . ;nCi -sti:a:e therr.. It has been founc :hat 
ONA c:iive*es in s::cr. a Jaswon will ae incarparateC 
ir.:a the gs-.e^c mater;ai ol the progeny ct this 
pctie.-.. Tr.^s t;a.-.a: ermine, pollen in this lasnicn 
a::swi !c* :r.e ;;-e:.c e-rir.et.-r.r of p :?r - :s * r - ? :a " r 
Unes. 

The-e are severs' Sacte-ri which influence suc- 
cess^! :=;ter,.rr.<c:a:e- transJcrmaticns. The marv 
ne" ir. v»-.:sr. :r.i pi".:c:ci are acseierater is 
p-.-e-it v :cr*'.-.v arra.-r-ec sa -"u: tr.e r.z;-z-t : 
DNA-:ea--.; parties Rave a preae' mcm*n:um 
and veicaih/. and the particles thernseives are tn a 
re!a:ive:v ur^arm pattern, when ccn:ac:in$ the 
pctier. tha: they penetrate a significsni numser of 
pcrten ce;!s wi:ncut biologically CisaSUnn thcrr.. 
Furthermore, the CNA cn the particles should te 
atacte anc caoaoie ol translorming plant cells anc 
expressing tne dciirahle trait in m* plant cells. In 
aection. the ONA Uscil may contain a selectable 
marker wntcn can be detected in putatwety trans- 
lormed plant seeds or planttets in orcer to verily the 
apeenc plants n which genetic trartslormatiofl has 
ccTjrrtC. n the tranalormation frequency '« high 

tnevgn. aucn a selectable marker may not bt 
' necessary. 

There are many types of mechanical systems 
which can be envisioned to accelerate biologically 
feert smad carrier parties. Possible mechanisms 
might kudnde haft*!* explosive acceleration ol 
particles, ccninli^al acc«4«ratioft 01 panicles, elec- 
trostatic acceleration ol panics or any other 
analogous system caoaoie ol providing momentum 
and velocity to smao inert parties ea. One novel 



2i baits eitencin^ -rta i-\\zz>* i-vezcs ?c*-e; : * t"i 
interior s:.te-.va'! surff.aes c! in* s;s:< champ*' l" 
wail ilseil. Tne ends of the trv eacec 5 cits forming the 
electrodes U are pretested wi::\ an arc resis:ar.: 
alloy obtained from high electric voltage relay 
30 contact points cut to a size of approximately 2 
miffimeiers by 2 mffimeiers by 3 millimeters and 
soldered to the ends ol tne threaded bolts. The gap 
between the electrodes H can be adjusted by 
apcrarj-a^y th.-eaOg th* baits in-a cr out cf the 
25 spark'cha:r.ac- 12. The prelcrrsC cap lc Ciscna-rc 
vcitage 0: aijp'axiinatcly 15 taicvoits between the 
encs of the e'octrodc: is bei^eun 1 ana l.a 
m^-ete-s. T. w e t.c^zz zi tzz^zz::rr a-C ma.:ntir * 
the e'-ectrcces 1- themsetves is sici'ly s--c;es: tc 
jc w»ce variation. autiCugii m "is pref«"ec tha: the 
eiestrcnec ae h:nnty Curaate zr.z tr.at tne distance cf 
tr.e s:a.*' ga:: r,e:w?: : the t tz -z'zt zi re*a :>/ • 
ac-.-itaa^e 

A spacer nr.g t£ is prav-ce: aacve the sra.'* 
45 c^amaer 12. The spac:r nng t6 may be canstrjcted 
cut d the sama >/C Z'O* as the s-srit anamae- 12 
itself ar.c prefcraoiy be cut to a verges; length ct £ 
mfiumeiers. lr. a fucd apoaratcs !cr ;r fc ns!crrr.a:isns 
ol a single crac soecies. me ssaair nng :£ aa jia se 
SO constructed merely as a vertical extension of me 
spa/k discharge chainticr 12. although a removable 
and reptacaatu spacer nng 1G allows adjustment of 
the distance trnm spatk discharge to currier sheet to 
be varied so Uui the lotcc ol partid* accsieration 
55 can be varied by conttiinns or by species. The 
apaccr ring 1G may be tell open at me top il a Urge 
carrier sheet 18 b used, but may also advent- 
ageousry have its top r^ening partially restricted by 
a suitable closure 10 torrn a rectangular opening 
So approxinuieiy 9 by O mttmeters. Placed slop me 
spacer 12 is a cms* sfwcl 18. The earner sheet 18 is 
a pfarur. eght sneet lornwd ol suitable six« » b« 
ptocetl resting atop the spacer ring 16. The earner 
Sheet 18 is tor mcd ol itextbie biologically inert shee. 
IS maicrul capable ol carrying biologically inert sma 
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pmidt* mtrton. Tht carrier snttt 18 functions to 
transfer tnt lorct ot * snock wave from a spar* 
discharga ^nto acceleration of tnt camtf panicles. U 
has ottn found out tnt arntr ihttt 18 may 
advantagtousiy Ot lormed from 1 mil or 0.5 mil 
plastie coated aiumimred mylar. with tnt 0.5 mil 
inters being preferred since m practice they result 
in bttttr penetration into tht pollen. As a gtntral 
practict tnt smaller mt actual surface arta of tnt 
carrier sheet 18. tnt better penetration is obtained 
by tnt carntr particits into tnt pollen. This consider- 
ation regareing penetration is balanced by tnt nttd 
to have tnt earner sneer of a sire which is tasy to 
hand!* anc which provices an impac: pattern over a 
targe enough fitte to be able to impact targe 
numbers of pollen ce!!s tn eacn me'rvidual injection. A 
carrier sheet $i:e ot S by 11 miUimettrs has been 
found to pravice a good size yielding good penetra- 
tion in a cesirabte impact pattern of the particles 
onto tne ?cU en :ar;e:. 

The carrter sneer aisc functions to arrange tne 
partem d tne pamc.es as trey cmtact tr.e targe: 
surface. A.-, ev*~ w-;:crm par:*-n cr pa-t:c:ss is 
r.ign.iy des -sc * e-i.re tr.a: as many ce.:s en tr.e 
targe: as psssii::* are ir.pacttc. in cce* tc 
maximi-* tne yie;c cf trans.'ormants. Ncr.-trans- 
formed cells, pciien or otherwise, may be a: a 
competitive acvantage witn transfcrmants or may be 
partially deciiitatec ay tnt carrier panicles. There* ore 
it Is desirous to reacn as close to 1C0 ptrctnt 
injection into tne target celts as is possible, anc a 
uniform !aye* anc partem cf particles cn a carrier 
sneet *£ aics tr.:* : elective. 

As to tne came* payees :nem:«!ves. ar.y higr. 
density matera: is bicicg:cal!y inert s.nculc Z* 
izz*z zz z 'c is tr.e Cna cavier pa*tic:e« 
wi:r.:n. tr.e c:-.;e»: tr.* zmt~> mvev.en. 
mare'tais are pre**-:*;. sucr. as tungsten and gcic. 
wr.icr. nav- a ca-.s.ty cf IS tn;:um m;gn: also be 
prepare. nav:ng a ci-sity value c' 22. rut r.as net 
tee- user : ; rr-e izz -zz-M :eca_*se it c-.v «is y 
ava::*z e m a re.ar-ve.y cc.rse zz«zt\ w-.e.-eis 
spnencal pa:t:c:es are prererrtc. Tungsten is aisc 
prcsaciy lac: ces -as:e ccmpared to gene because :! 
ttr.es tc oi:c::e ~n a* in tr.e presence cl ev*-. trace 
moisture. S-cr. an oxicaticn layer on tne earner 
partices teres tc bind tnt particles tegttner 
causing severe increase in average particle s::e as 
tne particles aggregate together. Panicles which are 
ciumpec in irregular aggregations are less des;rafiie 
for tne practice- of mt present invention since sucn 
aggregations win vary widely in the* crass and siie. 
Ihus leading to aHteulty in of-t*inmg rtguUrty 
rtpiicuiiit results, tt has nccn inmid that gold is an 
optimal maiunal lor tnt particles wiilun tna present 
kwtntion sinct it has hiyh density, is ftUlivtly intrt 
to both biological materials and to 01 id ation. and is 
readily cemmtfeafty avaitanlt tn the form ot sontrts 
having a domcitr of 1 to 3 micomtitrs. Suitable 
Ona sequences may be applied to tht goto panictts 
and tnt gold namdts may bt applttd to tnt earner 
sneet in a manner wfucn will bt discussed m funner 
detail botow 

Located aoov« me corner sncct 13 is a ft tamer 
screen 10 The rttamer scten 20 is a t00 mtsn 



ttainitss stttJ screen physical* mounitd in a plastic 
holder approt^nattiy 5 miUimettrs above tht top of 
tht spactr ring tl Tht rttamtf scrttn 20 auctions 
to restrain tht carrier sheet 18 so mat t does not 
5 proceed to me target. 

The target surface 22 is a planar sheet of material 
capable of sussencing the (a/gtt cells. It. ponen or 
other plant cans, mereon. In practice it has been 
found thai an tasiy usttQft target is a peth dish 60 
70 milUmeiers by IS mittmettrs invtrted over the top of 
the assemoly holding the retainer scrttn. Spacing 
If om the retaining scrttn 20 to tne target eels on tnt 
targtt surtact 22 is therefore preferably approxi- 
mately 15 imncneiers. Spacing greater man 15 
75 millimeters, uncer me conditions of wftage and 
atmospnenc pressure desenbed betow. leads to 
reduced pene:ra:icn of carrier panides into me 
pollen while a spacing of less than 10 miEmeters 
results in crusr.ei cetls in tne event that the retaining 

20 screen 20 eefems under the force of the Wast. 

tf pollen is ••■sec as tne target ceils, the pollen must 
be acr-iec t: tr.e targe: in SwCJ". a fasnicn that tne 
targe: may Z\ ir.venez v«::r. tne pcllen rema-nin; 
viaz:*. S.r-ci in is s?ns;trve tc 

21 r.csxre. tr.* -.t'.~zz usr: tc ic w er» tne pci:«n 
the tar;e: s.-.a be as mcsture-free as possible, t: 
has been fc-.-c that mineral oil is useful as sucr. an 
acnesive. tf a tnin layer of mineral o3 « appfied to tne 
bottcn cf a Petri dish to be used as the target 

50 surface 22. penen is dusted into the eSsh. and then 
tne disn overtimed to remove excess poflen. it has 
been founc mat a relatively uniform monolayer of 
pc'.ter graT.-.s **-a*-.s cn rne target whicn wi8 remain 
in place z~rr- pa-:;c:e :n;e:::or. ani wnicn remains 
25 viacie. If ce 1 otr.er man p:;ien vt usee in tn:s 
accarar-.-s f*r sucrcr: mecia. such as 15a.*. may 
ce r.;*! a::*:r."5:*. 

The ent:-i issemciy c- the zi~>c't acceleratcr *.0 
anc tr.e :a-;e: s,<ccs 2: must ae pann'ry evarjater 
*S so as to r*.*-: tr.e 'crzi atmcsonenc pra; trcrr. 
slew- :s-:c:as irz cr :-e cane' shett :S. T>.e 
vac*.-*'". * * ; . z Z 2 cn:*' 2 rsrr.a. vacvurr. sr^s a 
vas-.-um ces:ccce tre targs: P^- ce.:s. 

rtnce.nng rr.n ncn-viadt. A vacuum of « to *IZ 
4! mi;!i-.e;e-s c: me-cur,* nas tseen iounC sufftcent anc 
advantage :.s. 

In the s-mpies: exc^anar-cn of the operaticn 
ascaraf.s z- P5. 1. tne process of finn; tne 
accelerator tO beg:ns witn tr.e placement ot a drcp 
SO 2* of distilled or cemtneralizsd water berween the 
electroces U. The amount ol water must be 
selected sc as not tc eampen the are wn*cn wiil 
occur between tne eitctrocts but yet bt of sufficed 
volume to create a shock wave in mt tuenor ot tht 
55 scant cnamoer 12 when tht discna/gt dots occur. 
Tht prtf trrcd volume of water has been found to be 
approximately 2-a mifofiitrs. Tha amount of water 
may be aeoued by piptttt suspendtd bthrttn mt 
encs of mt electrodes M. Tht wattf droplet 2< will 
§0 bnogc the gao betwttn tht tlecv odes and remain m 
pUce. 

The scacer ring 16 is then placed upon mt top or 
mt soar* enamner 12 anc tne earner sheet 18 «* 
place c on tne too 01 tne ss-cer nng 16. The retaining 
55 screen 20 is mounted m ptacs S m«meters above 
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the earner sheet il and me target surface 22 
consisting ot tne overturned Petn dish is placed 
above the mounting of the retaining screen 20. The 
assembly is then evacuated to 460 millimeters ot 
mercury. 

External io the apparatus tttustrated in Fig. 1, a 
voltage supdy is connected to generate 15.000 volts 
DC. The IS 000 volts 0C rj then applies to i 1 
microfarad eapacter. which is then disconnected 
from mi vottage source. By throwing a suitable 
switch, the 15.000 volt charge on the capacitor is 
then applied between me electrodes w. 

When tne voltage is applies, an electric discharge 
arc jumps between me two electrodes ia. The arc 
instantly vaporizes the smart water drop extending 
between me electrodes. A snar.x wave from the 
explosive vaporipptton of tne water Crop propagates 
tnreughcut the inuricr of the spark chamber 12. 
When the shock wave reaches the carrier sheet 18, 
the carrier sheet l£ is Ultac vertically crt the spacer 
ring 16 a.-.c is a:csiera:ar lc*i'± me retaining 
sc*ee^. 2C V.r.en tne carrier sn.e*'. 12 h:ts the 
re:a : -...-.g sc-ean 2Z ;r.e came* s*ii M :s resrrared 
in p are are tr.e patictts zi- t?. en cavicr snest 
IS leave the car-ier snee: anc iiy tree-y aeress tne 
distance :c tne ca;ts resting 3.-. ma targe: surface 22. 
tf the apparatus has bean property constructed and 
adjusted, and the procedure properly followed, a 
significant percentage of the carrier px^ictes will 
arrive at the target with a correct velocity to 
penetrate me cells carried on the target surface 22. 
w-thcur cestrcyi.-.g a.r unacceptable perce-.tace cf 
tr.e ee-is. Tne cs:is 2" the tar-*: surra e* 22 "ay me.-, 
te rem.cvec trcm me targe: subset 22 anc selectee 
as aep-ppriate tc segregate trar.s'armants frcr. 
p.c-..:ra"S'c-"— .arts. If pe-'.s* :s -jsac. as cs'a-rec. in 
tr.e pre ceii. m* pane*, is me- removes ?rcm me 
targe: surface 12 and hare pc:!:na:ec ante fertile 
ferr.aie f'.cwers. sue* as mare s::fcs. w-.icn w:i! men 
set seas, cr we The seer pa.-, ce na-**es:ec. 
p:a-:er a-p e.aji : ee if ma rr.p-s.-.p sg:sa: cr 
l\zzr.i~:zi' :;a.ts cenpitrcntc ay me «\a carr.ee 
or. tne carrier particles intc the pciten. Alternatively. 



immature emcryes may be txesep 
ping sees tissues ar.c me emsr/cs grewn out ir. 
appreciate tissue culture ir.:- small ptar.tiets or into 
whole p:an:s. The plants cr p:ar.::e!S. or tissues from 
them, can men be tested for selection on me basts 
of a setectaote marker earned in the ONA trans* 
formed inte me poitcn cetfs. Suitable seiectasie 
marke'S would include exogenous resistance traits, 
such as heraicde or antciouc resistanca. or 
dominant morpnotogical trails whose expression 
can be observed. 

It is to be understood that white me aopa/atus of 
Fig. 1 has been specifieatty developed for the 
process of pollen mediated plant transformation in 
accordance with the present invention, me appara* 
tus Uaeif ia also uaetul for accelerated particle 
transformation ot other tissue lypvS. plant, animal or 
baetertai. a*. wen T>« apparatus allows for easy 
adjustment or me particle Icrce hy varying the 
spacing or tne rtitxrorge voltage. U is relatively 
simple to ouerate. «tt<:*nt and suo'e so that results 
may be repucatce 



Within the prektrert |»*:ess 0< the present 
invention, the process tor Jtv*r«*j **e ONA seo^ien. 
Cts to the paitcuta. 11* process tor tayermg me 
particles nio the earner sns:i. anrt m-i pi ocess for 
S preparing the PriA fnr pUM ifanstnrmation a& may 
require p insular urtroiion £.0 cr these details wilt 
be dts~us5*»<1 a 1 turn. 

The 0^A sequence «k;lwt*ng a foreign gene 
prepared in the form ruitru^e tor plant transtorma* 
to bon can be simply dried e*i snaked grwd or tungsten 
pellets. However. ONA molecules in such a form 
tervl to hav# 3 r^UirvcW shnri ;^eriod of stability and 
tend 10 cegra.1* ramer rapiniy due 10 chemical 
reactions witn me m^taiuc or a^Kjate substrate ot 
75 the particle itself, it has hc<»rt truirvi. by contrast, thai 
if the carrier pantct«-e are fes: euated with an 
encapsulating agcni me ONA sirancs have greatty 
improved sraciiity anc do not de?jra*e significantly 
even over a time penor: of several weeks. A suitable 
20 encapsulating agent has seen founc tc be porylysine 
(mclec:.*:ar we:g-t 2CC.CC0; wnicr. car. Se apciiec tc 
me carrier sa-:;cies :« :•» me CNi molecules a*e 
appi.ee Ctr.r t-zizz-vrz j---tt. pc'yme'ic cr 
otne-^ua. fi a c^: as s^r-.Ja- 

25 encacsutating age-.ts. Tr.e pciytys r.e is appiied ;c 
me par.ic'.es Cy rinsing tne got- p ar.ides in a 
solution of G C2 0/ c pc^'iys:rie and men air drying or 
neat drying me partictes mus coatee. Once the 
metallic panic: es coated with poJytystr.e have been 
30 property dried. DMA strancs an men be loaded onto 
the partictes. The Oka may be tcaced onto me 
particles at a rate nf oc'v.-een 3 and 20 micrograms cf 
ONA per rr.^r.vr. o? gat- be-i* s;;:ieres. The 
practice r.a: pee- to ice tc 100 rr.icrc grams cf On A 
25 and 22 rr.-^yzrr.s o? 1-3 micre--. geic sene'es 
preeeatad rctyK-fne. see^er^.tra-y 5 rrwerciite's 
0: 10 rr.M Nit-.rCi am me-, i mip—.^err zi '.0 -.v 
CaC: to prpvic* a fune Ci.^?Ca p*e-:r'ta?c whien 
forms as me somticr. cries. The prece:tate ca*r:es Av/ 
me Cn- w*:r ;t or.:; tr* rer.es. C-c= tne Seaes a.-e r 
me :•:::•£ » a-e cp r.rr cn:er :* sp -uticn have 
beer. m:xe: a- t. ms Z'<~. :n« sjtes*s:p- is Z' tz 
uncer a m;rcge.-. (N:i s;rea.-n wiir. irecuent stirring. 
Or.ce criee me praceiraie is imrr.ee:ate!y resus- 
45 pencee in :c:--:a emc-.c lor me prseacs o.' p:ae:ng 
the patictes on:c me earner snee:. 

tn a^eiyrr,; me palates to ma carrier sheet, it is 
preferrcc Icr the suceesstut oeeraticn of tn;s 
procedure to form a uniform and resrocucibte layer 
SO of me earner particles on the earner snee!. To do 
this, the par:ic>s cannot ae simply dusted onto me 
carrier sheet, since they tend to aggregate and are 
thus distnnuted unevenly in a rwweproducbie 
fasnton on me chisel. In partiodar. moisture or water 
SS content on the sheet wiD disrupt me application of 
mo particles to me sheet and result in undesirable 
allegations. Therefore, it is first necessary to 
prccoat me mylar snee: with a hycroonilic coating 
intended to prevent water spotting wnen applying 
$0 the earner pa/nclec. It ruts been found mat hydroxy 
tthyt ceauio&e woiks m.4 tot ma purpose, aimougn 
other s»muar treatments, sur..t as acid hydrolyted 
ceUu*osc. arc also ttfaaftie A solution ai 1*0 nyd^ 0IV 
ttnyt ccHutase is wtpen over me pustic coatea 
$S aluminiacc mytv. wiaci « men nnseo w»m ionised 
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.water and air dried. The carrier pa/tides, win the 
erecipttated coating containing the ONA strands, 
susoenoed in 100*0 einancJ. is than appGad to the 
carrier sheet, tt ha$ been found tnat SO or 100 
microliters of a welt stirred suspension of ma etnanol 
with ina carrier panicles can ba successfully 
pipetted onto tne mylar sheet in a reasonably 
uniform and reproducible fashion. The pipened 
aliquot of this suspension is than allowed to settle <n 
a dosed petn dish tor at least 30 seconds. The pern 
dish mult ba dosed to prevent eddy currants from 
forming from room air currents and from a high rate 
of evaporation, such eddy currents potentially 
causing excessive drifting of tne panicles and 
therefore a ncn-unilcrm distribution of particles on 
the Sheet. After me settling period, the meniscus is 
broken and tne excess etnanol is Grained away. The 
residual etr.ancl is removed by evaporation in a 
pa.tiailv cpentd pe'* *isn. 

This'prscess is inienced to place the C3rr>er 
particles ccated with the ?'ec : p.:a:e earning Cna 
• :rancs cr. tr.e my!a- ca'.er sheet. A gccd median 
r,-. w-ic- is fc-.-.r success'-! w tr.e prese-t 
irvent.cn is a=pr=i:.-ha:e-y C.i mHhg-am c! carr.e: 
T| panicles carrying :he precrpiiate and ONA applies ;c 
Vl a 5 by it millimeter ares of the carrier shes:. Such a 
density of earner panicle application tc the carrier 
sheet gets good survival of pollen and also a hign 
penetration of pollen grains by the accelerated 
particles. The ac:ua! acceleration and penetration of 
the grains by the panicies wilt vary both with the 
pc.ie-. sae anc carnal, anc the numoer of earner 
par-cies can easily be vartec tc g:v* nee cr 
few*- parties ?e' cress-secticna. area a! the targe: 
cells as desired. 

Tr.e Cna :=r _ia w.:.-.:.-. the case-: >ve-.::c--- mus: 
be cc.-.::ruc:ec in a ve::ar accce-ate express- 
ic.-.Yf tr.e essger.cus aerie in the sa.!a c! ma.ae. cr 
whateve' Cher p:ar.t is being u:::l:ec wi:run tne 
e-*s— .: invention. Tre Cna sec.e-.:e ca- be 
c-.r-.e-:. c.t :r:a:: nc--":m6-a ge-ss fre- 
eze- p;a-.:s scares :r lir.es cf ir.c same spec.*: 
mav alse be used. Vectors su:!ab!e fcr exsressicn in 
plants general mus: indues. bes:ces the eaC:r.g 
secuer.ee et tne ces:red exogenous gene, apprspn- 
ate flanking regulatory sequences such as a suitable 
promoter cacae'e 0? promoting trar.senptien and 
expression in vivo in plant cells and a translation 
terminator cacabte cf signalling the end of transcrip- 
tion cr tne aepropnata processing of the Bna in 
such a fashion that win allow suitable translation of 
' messenger to produce protein synthesis, tt has been 
previously demons i rated that plant gena promoters 
capable of causing coding sequence transcription 
and expression m dicat plant cells a/a also ellective 
In monocots. such as cam. on a caflutar level 
although with lowered efficiency in some cases. 
Fromm at at. Proc. Natl. Ac ad. Set USA. 



82:S3?«-Se21 Septemoer 1$aS. Sucn promoters 
tociwda the nopaime synthase promoter from the 
plant pathogen A qrooactern gn lumefadens and the 
CaMv 35S promoter cerweo from tna cauWtcwcr 
mosaic virus sequence A suitatjte termination 
secuence effective «n plants is the polyadenytttien 
saquenca Irom the nopaime synthase gene of 



Aorobactarium tumefrciens . The pttnt expression 
vector may aiso coma* a selectable marter opera- 
tive in punt cafls to aJo* for selection oi transfer- 
mant plants. The taitcublt marker may condition a 

5 trait which may be assayed b»ocnemicaity or a 
phenorypic trait which may be observed in the 
progeny plant. Clearly if a non-cnimenc intact gene, 
with hanking regulatory sequences, trcm the same 
or another plant is used '« the present process. 

10 chimenc promoter or control sequences ve un- 
necessary and the gene may be used with its native 
sequence. 

While the process of the present invention has 
been described in particuia/ detail with regard to 
75 pollen-mediated transformation of maize, tt should 
be undersiood tnai there is nothing intrinsic to the 
process that is of necessity fimited to maae. anc the 
process is equally suitable for pollen transformation 
of other cereal crops as well as dice: caps such as 
2: sovbean and csttcn. anc mes: oiher plants as waH. 
The prseeaure fcr handSng pcRen cf c^.v srec:es 
may nee: :z as varied anc the scac:ng afthe pans cf 
\r.t izzi'i'-i :-:::ca: :c ca-r-.e* zi'zi ve'erty may 
neec'tc ce va-ec ce?<-c r.g c-. :r.e s:i: ;s z~* :rz 
25 bas.c apparatus and prccec.re may *js«c -r. etr.a* 
plant species. 

In accittcn. whiie the process cf the present 
invention is directed toward pctten-meciated plant 
iransfermation, the apparatus disclosed herein is 
3C equally suitable for use in rrar.sfarmaticn of other 
plani tissues, such as emcryegenic callus or somatic 
emcryes. cr any ether plan: cr other tissue in 
culture. 

Sir.ca nc: at', z' :r.e pe:ier. wtii have aa.*rie* c»~c:es 
2S inser.ee '--.tc ir.em. anc si.-.ss nc: a.^ca^e.-. ceils or 
pracfv rygctes win uc*a."e the Cn^ ^n-c the." 
gencrr.e. i: w:-: a* lecessa*' :a s:'ee" ?*cge*.y 
p:a-.:c a: seme s:a-s tc select fcr :rahs'armar.:s. If *: 
is ces:re: ;c :ra-.j-errr. a gr.-e-. fere ;.-, gene into a 
<: • p.*-:. tr.i ge-.e may be -nserec ir.ta a thime-c 
exces: :* ve::::. The excess " ve::c* 

cs-:c :r.er. :* ::s-::cr-r.e: r.;c z i' cs-s a ar.g w:^-. 
a se^ectaaie manter ptasmc. sue", as aCMC *C22 
describee herein beicw. The tv*c vectars (fcrergr. 
4S gene anc se!ec:aaie ma/\e*J ca^ ae ^z'tz tagetr.er 
to make one ptasmic. or tr.e twe vectars can e-e 
ciened secaite y and then acaiie: together to the 
same earner panicles. In either even:, the progeny 
produced are screened for the ma/*er to setee: 
SO transformed progeny. While the use of such a 
seiec:able marker may 6e eesirade m same circum- 
stances. H may be omitted if a suiiaeie morphologi- 
cal or biochemical last exists to screen for the 
transformed progeny. A morphological screening 
SS last could be for a dominant phenotypic trait m the 
progeny. A suitable biochemical screening tast 
ceuid be a so-called •Southern* btot hyoridipng 
preoe lor the enstenee of me transforming ONA 
ttsett ^ the genome of the progeny plants. 

SO 

£XAMPl£S 
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A. Antibiotic Resistance. 

Tht construction of sutabie plant txpression 
veetors is illustrated in schematic UsA*on in Tigs. 2 
and 3. Fig. 2 (flu ti rates, in schematic (orm, me 
construction of a plant expression vector pCMC 
1203. The construction of me plasmid pCMC 12C6 
began with the digestion of the plasmid pga 325 
(Souvar. F. Gene 4 121-136 11978)) witn me restric- 
tion endongeease Taq I. The plasmid pSR 325 
contains a coding sequence tor the antibiotic 
resistance gene chloramphenicol acetyl transferase 
(CAT) wnicn is exised from me remainder of me 
plasmid- by Taq I digestion. Arter digestion of p8A 
325. the fragments were resolves by electrophoresis 
in an agarsse gel and the fragment conraining the 
CAT gene was excises. The CAT fragment was men 
ligates into the pusmid pUC 9 (Viera & Messing. 
Gene . IS (12S2)) which had previously been 

cigestes witn tr.e restnetton enzyme Acs I. The 
fragrre-:; erss praejeed ty Ta* I anc Ac: I are 
cr.T.p f ~5*-i-7 in :r.:s case anc tr.^s the s:.*a-ss 
w**» i:r*:::y lirsrseie Tr.e re«^:!:-- s^asmis. cesig* 
r.a:e: pcC*Z-T m r=g 2. cr.r.:a:-e: :re CaT cerr.g 
seq-.encs .'lar.**: ty peniens cf tr.e pciyii.nker frsm 
p'JC 3 Tnts pias.Tiis was digester with ?s: I and 5a*n 
HI. and the smaller of the two fragments was iso!a;ed 
by ge! electrophoresis. This fragment was then 
ligated to an intermediate plant expression vector 
pCMC 65. whicn had been previously digested with" 
Ps: I and Earn Hi, to form the CAT expression 
plasmi- pCtC 12C5. The plasmid sCUC £5 csr.tairs 
me r.cca.i.-.e syr.ir.ase promoter -Ncs frsrr. 
Ac'essete-.-rr fjr.e'arens and a nspa ine synthase 
p::ya:er.y:i.;sr. sec.erce l?sy a;, frcm tne same 
organ:*--., s.vcj-.c.r.; j:t p'asm-s w.is-e rtvr.z::r.-. 
sires. Tre e asm.: eC.'.tC £5 aiss ca-:es a vc:,:*. s? 
the :e:a-:ae:amas* ge-.e (s^al w-.ic" expresses 
res;s:*-.c9 :z tr.e a^:;:.;::c ampisi'X- ir. sac:e-a. ss 
ma: am-;:.::.-, res s:arre» ca-. ce use: as a se.ee:::-. 
ma*.<e* s.csid.er. *eeem::r.a: :-s sememe: .r. 
c. C: 

The etasm.c ;CaMV iC (Gardner e: al.. Nee!. Acres 
Pes 9 2:7i-2:==;:5St)) was digested witn S;u I ar- 
tr.e iragmen: cs.ntami.ng the cautiitcwer mosaic virvs 
ZS prsmcter [Ca.Vv 2£sl was joined tc synthetic Xhc 
I oiigsnuc:es*;se lingers. The fragment was then 
digested wim Hpn t. triateS with a Cna polymerase 
to generate stunt ends, and men joined to synthetic 
Hind lit oligonucleotide linkers. Oigestion of this 
fragment with both Xho I and Hine 111 produced a 
fragment can taming the CaMviSs promoter and 
transenption stan site modified at Us ends by me 
addition of me restriction site sequences. 

The no panne synthase promoter was excised from 
pCMC 1205 by digestion ci me plasmid with Xho t 
and Hind III. The larger of me two fragments thus 
produced was Ggated with me CaMvJSs promoter 
fragment to produce pCWC 1203. a plant expression 
vector having trie CaMv35s promoter, me CAT 
coding sequence and me nopaiine synthase poiy. 
adenyiation ses:ience in order. The CaMv35s pro- 
mote' and pcty A sequences serves as the flanking 
regulatory sequences lor me CAT coding sequence. 

6c:n of me piasnuds pCMC 12CS and pCMC 1203 
were testes tor activity *r> mane By etectroporation 
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Into protoplasts, toflowed by an assay for Cat 
aowiy. 8cm constructions proved active in mace 
Ctfs. but pCMC 1206 proved significant hignor ri 
level o/ activity, and thus was selected for piani 
S transformation expenmenis 

The pus*nc pCMC iCCi was used for the 
pollen w*ecj« i e<1 genetic trsnstcrnution of maiie in 
me apparatus and process of me present invention. 
However. K was found mat the assay for CAT activity 
W bad a hign o a ck ground level in maize tissue anq thus 
me CAT gene was considered not an optimal marker 
in maize. Accordingly, me pintmid was funher 
manipulated to insert another antibiotic resistance 
gene, of more selectivity in maize, in the vector in 
IS place of tha CAT gene, as Busiratcd m Fig. 3. 

The plasmid pCMC 1021 cantsins the ncpaline 
synthase promoter and the nopaiine syntnase 
polyadenyiation sequence flanking a coding region 
fcr the enzyme aminoglyC3side-3-phcsphotransfer. 
25 ase n 2'it) whicn csncitic-s fcr resis:a-ce tz 
amLno^.tesice a.-:itic.:;s s^c- as Wa-aT.yci.-. 
S*nce e*ftz;rcc3ra:;an exps":me-.:s r&.tz t z tr.d 
CaMv2!s prsrr.cte- tc tf .t._c- rrzr* e-*c*;ve ;r 
r.a;:s :re Mcs Pr.it was decide: :c ::a.-s.'e: tre 
25 Cawv:;s prsmoteno pCMC 1C2:. The CaMv2es 
fragment !rom pCMC 1>0S. as ilius:ra;ed in rig. 3. 
was isolated by digestion with Xho I and Hind HI and 
isolation by eier.rophoresis. The plasmid pCMC 
1021 was also digested with Xho I and Hind 111 and 
20 me larger fragment isolated and ligated with the 
CaMv 2£$ fragment to produce pCMC 1022. Ir. 
plasm- pCv.C 102: the c:c:r; ser^er.cs frc- 
APH2' i: is flar.Wee cy the reguietc.-/ CvSXzs an: 
Ncs pi ses-.encas 
2S The pissmics pCMC i2Cc a.-.c pCV* 1C2" w?*» 
tet^ cer--s:ra:e: :: ee e:te:::ve 'z: tra-sre-matic-. 
and exe*essien in i.-.eivicva: eel's c' :cea::e. ce:;c-. 
seysss- irz zzrr. t.vetr.r. eieetrcseranen :;a.-.s;e.*- 
ma:ic- are e*e:e -. assays. ?:a-i es s t.-a-.s'er-ned ;.- 
c-i:.r* * :* il ^v* :*£- e*r :r.s:-a:es :e 

be fsit::-; :e <*-.a-y:r. 'z' ce::e-. :: .:*;-. a-: 
cam ca^s. 

B. Er.:es:e*rr. cc::r marker. 
4* A plasmic referred to as pte£e = .i wa« cs taints 
whicn centals an asersximatety 9 9 :<:!eeas« Sea s .: 
Iragmen: of me maize genomic ON A wnis.i includes 
me entire gene encoding the enzyme UOP gfucase- 
ftavored glues syt transferase, an enzyme wnicn is 
5J recuires lor tne s^'ntnesis of antnoc/anm pigments 
in com. The genomic fragment contains extensive 
bom 5" and 3* flanking OMA and thus is expected to 
include appropriate regriatory sequences effective 
in maize lo express the gene. Since the etoned gene 
SS b a M4engm copy of me normal, functional maize 
gene, it would be expected mat me cloned gene 
would be hifly acttve and function appreprtatety in 
maize ceds. 

The enzyme itself. UOP glucose -Ha vonoi glucosyl 
SO transferase, is us«fui as a seiectaoie marker for 
genetic transformation in mace because maize lines 
are available whicn carry recessive mutations wnicn 
inactivate me endogenous gene. Since me enzyme 
is non-essential lor punt growth and development. 
$S me plants of tne mutant fees sat normal except (or 




the tick ol the red anthocyanm pigments produce* 
in va/iou* ttssuts or wild-type or non-mutant maize 
plants. Introduction Ol the wid-type gene into 
homozygous mutant Snts results in tnt production 
of tne enryme and thus ultimately tht production of 
antnocyamns. so mat transformant plants can be 
t a itly identified due to their characteristic 
dim with a brush ane hand pollinated onto me silks 
of female plants of Kaitenderg 390 and CPS 550- 
hybrids. The silks were physically segregated from 
other pollen. 

From the ears pollinated in this fashion, 52 kernels 
were produced. The immature embryos were ex- 
cised from the ears 1* days after pollination and 
placed in culture on a earn emoryo tissue culture 
medium containing 50 pans per milticn Kanamycin. 
The seec'.ings whicn grew up on me medium were 
assayed directly for APH3' II activity and three 
seeding* assayed positive, indicating the APH2* II 
enzyme was being expressed in the tissues of the 
seedlir.g tr.ws indicating successful transformation 
cf mesa p:ar.:s. 

C".* z! p!a-ts w»-» piazed cr. a r.cr.seie z:;ve 
rr.ee*:-" tz'zn transfer :c a z/esv.z.se 'zr furtre- 
grcwt.v Leal tissue was anaiyied tor continues A P.-; 
3' 11 ac.iviry wmcr. was pesitive. 

The presence of pCMC 1023 sequences in the 
ON A isolated from mis plants and from one plant 
which did not assay positive was demonstrated by 
the Southern hybndiiaticn-tecrinique. Southern, J. 
Met. £.c . 93:502-577 (1S75). ONA was isolated from 
czr.irc a-.s :es: :rn lea.' samples by rr.icromcdinca- 
ticr. c? tr.e cetyi-^mamytammorjurn 0 remise prsce- 
c-re of Tayicr anc rcc-s fr$i2\. 10 us 

of eaor 3na sar.c;e was s:;es;ez w:*.r. :r.e rest.-ic- 
tier, e-r/mes Ava I ans H-nc III. resolves by 
e!e::.-cc".cre* s ir. a-. agarose 55!. tra.-sra.ves tc a 
nyicr. memo rare, ans hyencized wit- a 2: ?-iase;ed 
prcce ssrres=cr.s:.ng tc me non-cos:.-.; strar.c cf 
•r.e II coz:-.- region. After v»i!":." tne filter. 
hyz-s:r.c, CN- trammer.:' were visus.Izs; Zy au:z 
rasicg.*as"y. 

The expected Iks (ragmen: was net fcunc in 
eitr.e- p;ant. However, earn ct the plants exhibited 
an acc*sx:mare7 *kb fragment w.nicr. hyzr;c::*r 
witr. me AFM-3* il prose ans wn»ch was no: found in 
any cf me centre! non-transfcrmed esntrcl samples 
of maize ONA. Cne of me two plants (me one 
positive for APH It) also exhibited a 3.7 kb specifi- 
cally hybridising fragment. The fact that the ob- 
served fragment is not me expected see is not tec 
surpnstng since complex restriction patterns are 
generally ooserved for ONA transacted into plant 
anc animal celts. Peruc.no tt ai„ Can . 22:309-317 
(1S8C): Kiens tt al.. Ptant Mol. B.oi . 5:223-22* 
(19651; Pascnowski et ai.. EM80 X. 32717*2722 
(1SS-5): Riggs and eates Proc. Nan. Acad. Set USA . 
83.5332-5506 (13551. Purtnermoce. in eucaryouc 
cells Ona can be modified, e.g. by metnytation, in 
ways mat alter its expected restriction digestion 
pattern Cuanuicr and Wataot. Proc. Natl Acad. Sci. 
USA , S3 1 767. 1771 (1V6G). 80m Ava I and Hind ui. 
tnt restriction encionucicascs wsoU m irvs example, 
are known to ue vtfubtied by specific mctnyUwon 
witnm their recognition secuences. McCeUand and 
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Nelson. Nuclei Aods Pes . I3:r20w207 (1985). 
The * kb fragment length 4 ecuwUtnt to me pUsmtd 
unit length of the pO*C 1022 ptasmd and suggests 
mat mese plants coma* tancemry duplicated copies 
J of me piasmid. Oigestion wim either enryme alone 
would then produce me ptasmid -length fragments 
Observed. The 3.7 kb -fragment appears to result 
from a rearrangement of me piasmid. pemaps at its 
juncture witn indigenous matze ONA. 
JO Two additional rep&cates were done utBang me 
identical procedure as described above with pollen 
from CPS 550* -plants pUced on siflcs of CPS 5504 
plants. Two plants generated from me procedure 
were seiecttC at random from me plants produced. 
15 avid were assayed for APH T B and were analyzed by 
Southern blot. Both plants failed to show APH 3' II 
activity but evidenced me -.0 kb hybndi&ng frag- 
ment in their genome. 
Another replicate using identical proctdues with 
20 pollen from A 183 and a Fiint maternal plant again 
respites in prc;er.y frcm whicn a plant was selected 
a: ransom, fc analysis. The :esv-j oi tnis plant teste t 
pcs::ive for trr. y U a-.d a s: evice-.ca; ire i.2 ks 
fra;-.e-: ir. me Scjir.er- z-ct ana-ysis. 

25 

3. Use of pCMC 1C22 wl:*\ Cir.er Genes 

To transform oiherger.es cf interest into rr.aise or 
other plants, ptasmid pCMC 1C22 may be used in any 
of several ways. The APK2' tt coding sequence can 
30 be deleted by digestion of pCMC 1022 with Hind UI 
and Sam HI and another gene sequence of interest 
prepared witn apsropnata ercs can be figated in its 
piiz*. if me ;*-.e 0? ir.:e-«s: can resscnjr'y be 
se:ec:ec fcr. ;r.e p:as.-iC may tr.er. be eVectry ^ses 
35 fc: transformations, t the gene of inreres; is 
separate^ p*eza-ez wi:r. azc.'czriaie reg*j:a:cry 
sec-^e-oes. zr.z « severs: * marker is cesir*;. tr.e 
gen« zi in:e*es: wttr. its 'e; -la: cry secvences car, 
be inserter in ary a? •«-.♦ sites in me p<ffy:ir.*er 
*3 uzstrearr. z l . :n* CAMv2£s secjence in pCMC TC22. 
A-cr-e* aits—.a:.ve ic ma*e .-se cf me pC.VC 
s*iez:az:e -a-<e- ;s t: p-e:ar» t»^e ;er.e in:e'e::. 
in pCV.C or in arw cmer plan: eipfess^c". 
vector, anc to coat pCMC 1C22 and me gene 
<5 expression ve::s* togsrr.er cr.ro came* parties as 
discicsec r.e*e:r. for trans formation into plant ceils. 

The plasma pC.vC IC22 was de?ss::ep witr. :ne 
American Type Cuitu-e Collection, I23C1 Parkiawn 
Drive. RookviDe. M0. USA. en November 14. 1585 
SO under A7CC accession No. S725i. 

The above deposit was made pursuant to a 
contract oetwe-n the ATCC and me Cetus Corpora- 
tion, a partner in me assignee ol me present 
invention. The contract witn me ATCC provides for 
55 permanent avaHaoiify oi me progeny of mese eetl 
Ines to me pvb&c on me issuance ol me US patent 
Cesc-Jbing and idenufying me deposil or me publica- 
tion or laying open to me pubUc of any US or foreign 
patent application. «fticnever comes first, and for 
SO availability of me progeny of mese cef fines to one 
determined by the U S Commissioner ol Paienis 
and Trademarks to be entitled mereto according to 
35 USC Scctton in anc tnc Comrmss*cner's rules 
pursuant thereto Iroudmg 37 CPS Secaon 1.1* wiin 
$5 particular reference 10 855 0 G. 535). The assignee of 
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tnt pftstnt application has agrttd that i ma etB 
Ines en deposit mould 6* or Dt lost or destroyed 
whtn euttivattO undtr suitable c on ea no ns. ?«y win 
bt promptly rtpuctd on notification wttn a viable 
cullurt of tn« umt etfl fint. 

The present invention rs not to bt timiltd in scoot 
by tnt micro organisms dtsosutd. sinct tnt de- 
posit td tmbodimtnt is wttndtd as a singlt lustra- 
tion or ont asptct of tnt invtntion and any 
microorganisms which art functionally tcjuivalent 
art within tht seapt of this invtntion. 

It is also to bt understood mat ail Oast pair sizes 
given for nucleotides art approximate and art used 
for purpose of description. 

In ont aspect the invention relates to a maize plant 
comprising in its genome a foreign gene wherein tnt 
fortign gent was introduced into the plant by 
physical injection, into tht poiltn of iht pollen parent 
of the plant. The foreign gene is prtferabry coated 
onto carrier particles accelerated into tht pollen. 

The foreign ger.e may include a ceding sequence 
and a=-rcpr:a-e funking reg-jlatcry sequences so 
that tr.e ceding sec -ier.ee is expresses in issues cf 
the plant. 
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1. A methed of making a gentticaOy trans* JO 
formed line of plants characterised in mat it 
ce.mprises :ne steps zi: preparing copies of a 
foreign gs-.e inducing a cocing rtgren and 
KanKing re;u!a:sr/ secuences effective te ex- 
press tre ceding reg:sn in the pianr cells; SS 
jci-.:r.g * i cf tr.e fcre-gn gene te sidegicstly 
ine~. carrier panicts: pr.ys ca:ty aec«i<ratir.g 
tr.e parr.des carrying the gene ccpies a: pollen 
cf the plan: in suet a fasnicn mat seme 
pa-;c:ei :ee;e In tr.e integer z*. ef trie «c 
pc:!er.; pc':r.at:r.g terms:* organs cf the psa-.: 
w:tr. the psiien so treatec; anc screening 
among the progeny from this pctSnanon fcr 
transtcr.-r.ee progeny. 

2. A methoo as daimtd in eiaim 1. cnarac- 4S 
ttruec in ma: the Oicicgicaity inert panicles are 
metallic. 

3. A method as daimed in claim 2. charac* 
tensed in that tht metallic panicles arc gold 
spheres. SO 

4. a method as daimtd in either daim 2 or 
daim 3. characterised in that it includes tnt step 
of coating tht mttaftie partidts with an tneap* 
suUting agent btfort tht gent copies art 
{ointd to mtm. 15 

5. A method as daimtd in cSsim a, eturac* 
tensed in that tnt tncapsuiattng agent is 
polytysint. 

6. A method as daimtd in either claim 4 or 
daim 5. Characterised in that tht sttp of joining 60 
tht foreign gtne cooits to tht mttaific panides 
includes crying a solution of tht gent copies 
onto the pantces. 

7. A mctnon as daimtd in claim $. crura c- 
tensed tn that a solution of tnt gtnt espies £5 



includes CaHPO* w*w>n * precptattd «th tht 
gtnt eoo*ts onto the mttaibc pandas. 

1 A mttned as daimed m any ont of tht 
preceding di*m*. cnaracenstd * that tht sttp 
of pnysicaoy accelerating the pamdts indudes 
Uyerinrj me partides on a planar carrier sheet 
(10). accelerating the earner snett by impacting 
* with a Shock wave, and restraining me carrier 
Sheet Such mat the momentum of me carrier 
panides carries them trom me sneet. 

9. A mtthod as daimed * da*m 8. charac- 
ttristd in mat me shock wave generated to 
impact me carrier sheet (181 is generated by 
high-voltage electric discharge mrougn a spark 
gao bridged by a water droplet (24). 

10. A method as daimed in any one of the 
preceding claims, ctaracterisec in mac me step 
of accelerating the pame'es at ptant pollen 
includes placing a monolayer ot pollen on * 
target s^ace and placing tr.e target surface in 
the aecee*a;»or. ps;r. cf tr.e cavier parades. 

11. A metned as cta.rrec if. c:a:.m :0. cnarac- 
terisec sy tr.e stips z' iccy.r.g a lay*' cf 
miner. te tr.e :a:;st s.-:s:j. c-st:r.e pc::*- 
therecn. anc removing :r.e sxciss me* e from. 

12. A method as ctairr.ee in either daim 10 cr 
claim it, characterises in ma: the step of 
pollinating female organs of the ptant is accom- 
plished by brushing pollen into which particles 
have been accelerated orf me ttrget surface 

. with a crush and dusring that pollen onto the 
ferr.a:5 c;ans cf a se!*ctf z female parent plant. 

13. A mtthcc as cu;mec in any cne of tr.e 
precec.r.g claims, C.anctensei "in mat tr.e 
scree.- .-- a.mcng me prsgsr.y is cen« on tr.e 
basis a ciec-.em;ce: assay. 

U A metr.ee as corner ,n c s : m cr.ara:- 
terisec in that me anay is fc: ar.::tic:ic 
resist£-C3. 

If. a metr.ee as ciai.m*c >. ar.y one cf cia ; ms : 
tc t: cr.arR:te-.$tc ir. tr.r the sza' rz 
amc-.; tr.e cr:;s-.y is cere cr. me cars e' a 
morpr.ciogica! plant trait. 

16. A rr.etr.se as daimed in any cne of the 
precscing ctaims. caractensec in that the 
ptant* are ma;re. 

17. ?:ants genetically transfcrmei cy amethoc 
as daimtd in any one of me preceding daims. 

18. A mtthod of making a genetically trans- 
formed maize plant characterised in mat it 
comprises the steps of: pnysicaity injecting a 
foreign gent inducing a cocing region and 
apprcpriatt rtgulaiory stoutness into maizs 
poden from a mate parent plant: hand potSnating 
tht podtn onto tht mature mace silks of a 
ftmait partnt plant and segregating tnt silks 
from other poUtn soirees: growing up progeny 
produced trom tht ftrttticed female parent 
ptant. 

19. A mtthod as daimtd in daim 18. charac- 
terised in that the step of physical injection 
induces joining copies of the foreign gene to 
earner particles and accelerating me particles 
at me maize poticn. 

20. A method as daimed »n daim 19. cnarac- 
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tensed in thai me carrier parades art goW 
totals coated *Mh an encapsulating agent, 
praf erawy po*y*ysine. 

21. Mailt puma produced by * method as 
claimed in any ona of dawns 18 to 20. 5 

22. A maizt ptant which has a parent plant as 
claimed in eiiher claim 17 or eaim 21. 

23. Maizt pollen compnsing in it a foreign 
chimeric gene and at least ont carrier parade 
which physicatly carried tht foreign gene into 10 
the pollen. 

2*. Maize poitan as claimed in daim 23. 
characterised in that tht foreign gtnt includes 
a coding sequence and appropriate flanking 
regulatory sequences so mat tht coding se* li 
quence is eipressec in progeny of tht pollen. 
25. Apparatus tcr injecting carrier partides 
carrying ONA into living ct«s characterised in 
lhat it comprises: a spar* discharge chamber 
(12!: two electrodes (U) extending into the 20 
spark discharge cr.ar.Ce* and ssaced scar by 
a ssa-k gas. tr.e t tz.rzza Stir.; acasted tor 
a:ta:r-e-: ts a- ex:ev.a: $=-rts c? hicn 
vcitage c:scra-;e; a ci-isr sr.ee: (".:*; he'e 
spaced asce tr.e spark discr.a^ge cr.a-r.5er. 2S 
tne carrier sriee: recerv':r.g tne carrier parades 
thereon; a retaining screen (20 J fixed in place 
above the carrier sr.eet: and a target surface 
(22) heid spaced atove the retaining screen 
(20) and carrying the ceils so that a spark 30 
discharge generating a shock wave in the 
discharge cr.arr.se?' (*2! win accelerate the 
carrier sr.ee: '/.£' ir.ic tr.e rtta:.-..r.g scree- (2C) 
so tr.a: tr.e rime- parties are acce:era:ec r.:s 
the ce;!s cr. tr.e :a*;e: street [22). S3 
25. Apcara:-s as elates In ciairr. 25. crane- 
tense: ;r. :r.a: a wa:tr r:cc:e: :s cs: est: 
bridging setwesr. :r.t electrodes 
27. Assaratvjs as s!a. rr.es ir. e::r.er ctairr. 25 cr 
cia:- 25 zr.i-iz.i-izz ir. tr.a: it incudes a 40 
vac--" crarr.se* :c a. c* tr.e sssaratvs to ce 
c z e ra: e z r a ; a *::a. c «r. . 

2S. Apsara:us as c:a;rr.es ar.y ere cf stairr.s 
25 to 2*. characterised in tha: the ssark ga: 
berweer. ihe electrsces is ttrween 1 ar.d 1.5 if 
miUirr.eters. 
29. Apsa-atus as claimed ir ar.y one cf ciairr.s 
25 to 25. characterises in :nat a ssacer ring (IS) 
is positioned above the spark discharge clum- 
ber (12) but btiew the earner sr.eet (18) and 30 
witn a: !eas: a parnai opening at its top. 



S3 



$0 



€3 



0270356 




FIG. 1 



0270358 



CAT 

pBR325 



Tag I 



J»9* * "kg 1 CAT T a , gI 
digest 1 f I 



Pstlv^^=^v Bam HI 




indin [Ligate 
PstI Accl J 
AccI digest 
V y\BamHI 



PstI 
Bam HI 
digest 

P fCAT B£ , m Hl 



Xhol i 

NcsPr 



Hindi!! 




StuI 
\-,CaMV35spr 

'Kphl 



Strn 




Sail PolyA BamHI 
Xhol 
Hind CI 
digest 

▼ Xhol 



\XhoI 
1 linkers 

Xhol CaMVSSs fo hI XhoT 




Sail 



/PolyA 5arr,K1 



Kphl 

dicest 

DNA 

polymerase 



X h f l CaMV35s 



I Hind IS 
I linkers 



Xhol 

Xhol C aMV35 S Hindni Hingm 




Xhol 

LCaMV35s 

Kind iii 



Bam HI 



PolyA 
Sail 



FIG. 2 



4 




FIG. 3 



